Exploring new magnetic materials is essential for finding advantageous functional properties such as magnetoresistance, magnetocaloric effect, spintronic functionality, and multiferroicity. Versatile 
Introduction
One of the ideas behind examining magnetic materials aims to develop desired functional properties utilized in a wide range of technologies, for example, energy storage, 1 memory devices 2 , medical appliances 3 , and environmental monitoring sensors 4 . In particular, magnetic oxides comprising metal cations and oxygen anions have been extensively investigated owing to the abundance of the constituents and stability of the compounds. A prominent example can be found in perovskite rare-earth manganites that have been the focus of research on magnetic materials over the last few decades. In mixed-valence manganites, the subtle balance between hopping and localization of charge carriers leads to the phase coexistence of ferromagnetic (FM) metallic and antiferromagnetic (AFM) insulating states via the kinetic arrest of the phase transition. The formation of mixed magnetic glass, which is susceptible to an external magnetic field (H), is essential to the origin of colossal magnetoresistance 5, 6 . The variation of rare-earth ions in perovskite manganites also generates several types of multiferroic (MF) phases [7] [8] [9] [10] . In medium-sized rare-earth ions, the spiral spin modulation can be stabilized, inducing ferroelectricity via antisymmetric exchange strictions with strong controllability of ferroelectric properties by external magnetic fields 7 . With a smaller radius, the crystallographic structure changes into a hexagonal structure, which represents a unique improper ferroelectricity due to structural trimerization 9 . However, the perovskite structure remains intact under high pressure and accompanies the E-type AFM phase that results in another type of the MF phase driven by symmetric exchange strictions 10 .
As an extension of studies on perovskite manganites, double perovskites of R2CoMnO6 (R = La, …, Lu, and Y) have recently been explored owing to their fascinating magnetic and functional properties, such as metamagnetism [11] [12] [13] , spin-glass state [14] [15] [16] , exchange bias effect [17] [18] [19] , magnetocaloric effect [20] [21] [22] , and multiferrocity [23] [24] [25] [26] [27] . By replacing half the Mn ions with Co ions in perovskite manganites, a double perovskite structure is formed with Co 2+ (S = 3/2) and Mn 4+ (S = 3/2) ions, alternatingly located in corner-shared octahedral environments. As the size of rare-earth ions decreases, the magnetic transition temperature (T) arising from the dominant [31] [32] [33] . The FIM order exhibits an inversion of the magnetic hysteresis loop in polycrystalline ECMO 34 . In Yb2CoMnO6 and Lu2CoMnO6, the Co displacements through the symmetric exchange striction [23] [24] [25] . Evidently, a scientific understanding of diverse magnetic phases and interactions is crucial for finding novel functional properties in double perovskites.
In this work, the magnetic and magnetoelectric properties of single crystals of doubleperovskite ECMO were studied to reveal the characteristics corresponding to the mixed FIM and MF phases. The dominant FIM order between Er 
Results and Discussion
Figure 1 moments. Below TEr, the reversal of χ was observed in both ZFC and FC measurements ( Fig. 2(a) ) as a characteristic signature of a ferrimagnet [39] [40] [41] [42] [43] [44] [45] [46] .
A ferrimagnet is a substance that involves a portion of opposing magnetic moments as in moments. With qualitative similarity, the magnetic hysteresis loop was attained from the model, as illustrated in Fig. 3(b) . Based on the result, the evolution of the spin configuration moment at the metamagnetic transition is found to be ~9 B/f.u. (Fig. 3(a) suggest that the small amount of the additional MF phase is strongly influenced by the dominant FIM phase. In analogy with the ferroelectricity in Lu2CoMnO6, the P emerged perpendicular to the c axis at H=0 kOe in ECMO suggests that the most plausible spin configuration of the minor MF phase would be ↑↑↓↓. The disappearance of the P by applying H along the c axis can be explained by the change of spin configuration from the ↑↑↓↓ to ↑↑↑↑.
In Fig. 4(c) , the H-dependence of ' in Ec is plotted, measured in H//c up to ±90 kOe at f = 100 kHz and T = 2 K. By sweeping H between +90 to −90 kOe, the whole variation of ' is only about 1 % with strong hysteretic behaviour. The maximum values occur at H = ±6 kOe, The T-dependence of the dielectric constant (') and tangential loss (tan) is displayed in Figs.
5(a) and (b), respectively, measured perpendicular to the c-axis (Ec) at f = 100 kHz in H//c
with H = 0, 10, 20, and 30 kOe. At zero H, a small and broad peak of ' at TC = 67 K was observed in Fig. 5(a) , which signifies the emergence of a small amount of MF phase. Compared to the peak height of ~15 %, normalized by the value at TC = 48 K in Lu2CoMnO6, 23 it can be estimated as only about 1 % in ECMO. Despite a small portion of the MF phase in ECMO, TC is fairly enhanced. The broad peak of ' is gradually suppressed by applying H along the c-axis, ascribed to the change in the spin configuration from ↑↑↓↓ to ↑↑↑↑, similar to that in Lu2CoMnO6. 23 Upon decreasing T, ' decreases linearly until it declines faster below 20 K. The overall T-dependence of ' and tan ( Fig. 5(b) ) below TC appears similar to those of K. At 5 K, a butterfly-like shape of ' was observed with a strong magnetic hysteresis, with the absence of the step-like metamagnetic transition ( Fig. 7(a) ). The broadened feature of ' is compatible with the modulation of M in H//c with the narrow magnetic hysteresis described as small values of Mr = 1.22 B/f.u. and the coercive field of Hc = 2.10 kOe (Fig. 7(g) ). At 10 K, the butterfly-like shape of ' is maintained (Fig. 7(b) ), but the magnetic hysteresis is considerably reduced. The central part of the hysteresis loop in H//c is extended as Mr = 2.73 B/f.u. and Hc = 7.24 kOe (Fig. 7(h) ), indicative of the reduced strength of the Er 3+ spin order.
In addition, the slight and elongated hysteretic behaviour of M in Hc emerges. As T increases further, the magnetic hysteresis in both ' and M is progressively reduced. At 65 K, just below TC, the sharp cusp of ' occurs at zero H with the hysteresis loop in M vanishing.
In summary, we explored the magnetic and magnetoelectric properties of mixed ferrimagnetic and multiferroic phases of single-crystalline double-perovskite Er2CoMnO6. The dominant 
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